Five different soluble components of adenovirus types 9, 9-15, and 15 have been identified. These are: (i) a slowly sedimenting, trypsin-resistant, incomplete hemagglutinin (HA). (This component was demonstrable by hemagglutination-enhancement (HE) tests in the presence of heterotypic antisera against members of Rosen's subgroups II and III, but not of subgroup I); (ii) a slowly sedimenting, trypsinresistant, complete HA, causing only a partial agglutination of cells; (iii) a rapidly sedimenting, incomplete HA, demonstrable by HE tests in the presence of heterotypic antisera against members of all Rosen's subgroups. (Trypsin treatment of this component caused a conversion into slowly sedimenting incomplete HA); (iv) a group-specific complement-fixing (CF) antigen devoid of HA activity; and (v) a rapidly sedimenting, trypsin-sensitive, complete HA, which in the electron microscope was found to represent a dodecahedral aggregate of 12 pentons (a dodecon). On the basis of their biological and physicochemical characteristics, the first four components were interpreted to represent (i) fibers, (ii) a polymer of a few, probably two, fibers, (iii) pentons, and (iv) hexons, respectively. The length of fibers extending from dodecons and virions was estimated to be 11 to 14 nm. A similar value was suggested from exclusion chromatography experiments. Adenovirus types 9 and 15 fibers were recovered in a position intermediate to that of fibers of types 3 and 4, the lengths of which are 10 and 17 nm, respectively. The sequence of elution of different components of types 9 and 9-15 from an anion exchanger was fibers, fiber-aggregate, pentons, hexons, and dodecons. Type 15 components appeared in the same order except for the fact that dodecons eluted before hexons. The molarities of NaCl required to elute the different types 9 and 9-15 components, excluding hexons, were identical. They were distinctly different from those of the corresponding type 15 components. However, hexons of all three serotypes eluted in proximity to each other and there was a slight tendency for type [9] [10] [11] [12] [13] [14] [15] 
SOLUBLE COMPONENTS OF ADENOVIRUS TYPES
soluble components of types 9, 15, and 9-15. Some different soluble components of type 9 already have been studied (16) .
The terminology for structural components adopted for use in the following paper was proposed by Ginsberg et al. (4) . Thus nonvertex capsomers, vertex capsomers plus projections, and isolated vertex projections will be denoted hexons, pentons, and fibers, respectively. In addition, the term dodecon proposed by Gelderblom et al. (2) will be used to describe a complete HA composed of a symmetrical aggregate of 12 pentons (7) . Furthermore, the term complete HA will be applied to a component giving direct hemagglutination, whereas the term incomplete HA refers to a component requiring the presence of heterotypic antibody in order to display its agglutinating activity. A complete HA, by definition, can cause the establishment of bottom patterns of either maximal or partial agglutination of red cells.
Previous studies of members of Rosen's subgroup II (20) , which includes serotypes 9 and 15, have demonstrated the occurrence of three different soluble components (2, 3) . Listed in order of their elution from an anion exchanger by NaCl solutions of increasing molarity, these were (i) a type-specific antigen postulated to represent fibers, (ii) a group-specific antigen identified as hexons, and (iii) a dodecahedral aggregate of 12 pentons (2) carrying complete HA activity. Similar results were obtained in this laboratory in parallel studies of adenovirus type 9 (16) . However, the latter study described in addition the occurrence of an incomplete HA postulated to represent isolated pentons. In this study, these four main types of components that occur in preparations of adenovirus types 9, 9-15, and 15 have been further characterized and compared. In addition, one more kind of soluble component from Rosen's subgroup II is described.
MATERIALS AND METHODS
Virus and cell cultures. The prototype strains of adenovirus type 9 ("Hicks") previously studied, type 15 (ch. 38), and the intermediate type [9] [10] [11] [12] [13] [14] [15] (strain 5399, isolated by J. van der Veen, Nijmegen, Holland) were used. The two latter strains were kindly provided by R. Wigand, Homburg (Saar), Germany. Virus materials were prepared in a human bone marrow cell line, denoted Masa cells. The techniques for handling these cells were described previously (8, 10) . The monolayer cultures were maintained on Parker's medium 199 that contained 2% inactivated calf serum. The materials were harvested at an advanced state of virus-induced cell degeneration. The medium and the cells then were concentrated by forced dialysis against polyethylene glycol (Carbowax 6000, Union Carbide Corp., New York) and were frozen and thawed three times; thereafter, cell debris was removed by low-speed centrifugation. Soluble components were separated from nonsoluble products, i.e., virions and empty capsids, by three consecutive centrifugations at Pi 5.3 (26,400 X g; rotor 40, Beckman Instruments Inc., Fullerton, Calif.). Remaining infectivity amounted to l-5, or less, of that of the starting material.
Preparation of hyperimmune sera. Tenfold concentrates (4ml) of prototype strains of types 2, 3, 5, 6, 9, 11, and 15 and of virions of adenovirus type 3, purified by isopycnic banding (13) and mixed with Freund's complete adjuvant, were injected intramuscularly into rabbits. Five weeks later, the animals were given an intravenous booster of 1 to 2 ml; they were then exsanguinated after another week.
Tests for biological activities. Determination of complete and incomplete hemagglutinins and of hemagglutination-inhibition antibody-consuming (HIC) components was performed in tubes by use of the techniques previously described (8, 14, 16, 17, 27) . Four hemagglutination-enhancing (HE) units of serum, determined in a chess-board titration, were applied per antigen dilution in tests for incomplete HA. When one and the same serum indicated two different incomplete hemagglutinins, the adjustment of serum concentration to be used was made with reference to the component requiring the lowest serum dilution for its identification. Complement-fixing antigen was determined by the drop technique as modified by Svedmyr et al. (22) . Two units of complement and two units of an antiserum against purified virions of adenovirus type 3, which did not react with nonviral components, were applied per antigen dilution.
Separation techniques. The previously described techniques for zonal centrifugation in linear 5 to 20% sucrose gradients (7), equilibrium centrifugation in CsCl gradients (13) , exclusion chromatography on Sephadex G200 (Pharmacia Fine Chemicals, Uppsala, Sweden) (14, 15) , and anion exchange chromatography on DEAE-Sephadex A25 (Pharmacia Fine Chemicals; 8, 10, 16) Electron microscopy of complete HA and virions of adenovirus types 15 and 9-15.
The rapidly sedimenting complete HA of adenovirus types 15 and 9-15 was isolated by zonal centrifugation under the conditions presented in Fig. 1 . Electron microscopic examination revealed the presence of star-shaped structures (Fig. Sa, b) , confirming, in the case of type 15, the results published by Gelderblom et al. (2) . The symmetrical arrangement of the different components was similar to that previously described for complete HA of types 3 (7), 4 (26), 9 (17), and 11 (11) . By analogy, also complete HA of types retainted by the columni. They were eluted by introductioni of a linear 0 to 0.25 m NaCI gradientt. The meaning of differenit symbols correspontds to those presenited in Fig. 2 . However, grouip-specific CF anttigen is representted by columnts.
this complete HA in the elution diagrams might have prevented its activity from becoming expressed by competition for receptors on red cells.
The third component eluted from the anion exchanger (Fig. 6 ) was a second incomplete HA. This component exhibited a broader reactivity in HE tests than the early eluting incomplete HA. It could be demonstrated by all antisera against heterologous adenovirus serotypes tested. Thus, in contrast to the situation with the early eluting incomplete HA, antisera were active against members of subgroup I (e.g., antiadenovirus type 3 serum used in the experiment in Fig.  6 ). Zonal centrifugation experiments demonstrated that the late eluting incomplete HA, as was expected, corresponded to the rapidly sedimenting incomplete HA.
The group-specific CF antigen (hexons) and the predominating kind of complete HA of type 15 eluted together. However, there was a slight difference, repeatedly encountered, in their position. The peak of complete HA was recovered immediately before and the peak of hexons immediately after the peak of bovine albumin of normal calf serum that was added to the material in some experiments. The behavior of these two type 15 components was different from that of the corresponding components of types 9 and 9-15. For the latter two serotypes, the group-specific CF antigen was eluted as a separate peak before this complete HA. This has already been described for type 9 (16) .
In order to compare more accurately the relative positions of various components in the different materials, the molarity of NaCl required for their elution was determined by conductometric measurements (Conductivity Measurements Bridge PR 9501, Philips Sevenska AB, Stockholm). The results of these measurements are summarized in Table 2 . The corresponding components of types 9 and 9-15 eluted at the same molarities. The only possible difference might concern their hexons. There was a trend for the group-specific CF antigen of type 9-15 to elute at slightly higher NaCl molarity than the corre- LITERATURE CITED
